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INTRODUCTION 
Recent development in the construction industry in this country 
shows an increasing number of contractors obtained certification of 
ISO 9000 quality management system (QMS). However, this 
progress is seemed to be a drastic response from the constant 
reminder and pressure from the Ministry of Works [1] and quality 
awareness and Do It Yourself (DIY) programs organized by 
Construction Industry Development Board (CIDB) [2]. The 
pressure also comes from the process of economic globalisation. 
Experience learned from other countries such as United Kingdom 
and Singapore revealed that such kind of implementation of QMS 
was very encouraging at the initial stage but over time gave 
burdensome to all parties involved if the right approaches were not 
introduced subsequently. To avoid this problem a model that 
shows the most expedient and effective way the concept of QMS 
can be practiced in the construction projects that is tailored to the 
Malaysian construction industry’s environment is called for. The 
model will show to the construction team the right steps in setting 
up QMS in a construction project specifically during the 
construction phase.  
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THE OBJECTIVE 
 
    The main inquiry in this research is how the concept of QMS 
can be implemented expediently and effectively in the 
construction project in this country. Thus, this study aims to 
develop an application model of QMS for the construction 
project team during the construction phase in effectively 
implementing QMS in a construction project.  
 
 
THE METHODOLOGY AND SCOPE OF THE 
RESEARCH 
 
This research was conducted as a pilot study that being part of the 
full research study for the same subject. It was carried out under 
the co-operation between the researchers from UTM and the Kuala 
Lumpur International Airport Berhad (KLIAB) who was the 
project manager for the prestigious and mega Kuala Lumpur 
International Airport (KLIA) project. Therefore the research 
favoured the case study approach as the principal source of 
information. Five components of a case study design include 
study’s questions, propositions (if any), unit(s) of analysis, the 
logic linking the data to the proposition and the criteria for 
interpreting the findings [3] (Yin, 1994). The second component is 
not actually relevant as the nature of the topic is the subject of 
“exploration”. However according to Yin (1994), the exploration 
type of study still requires some purposes that substituting the 
propositions which are more relevant to study the inter-
organizational relationship. The five components were determined 
through several methods which were categorised under three 
distinct phases as follows; 
 
1. Preliminary investigation 
2. Theory development (detailed literature review) 
3. Case study of the KLIA project which had implemented 
QMS 
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The followings describe in detail the above phases: 
 
 
PRELIMINARY INVESTIGATION 
 
The research work started by conducting a preliminary 
investigation on the case project. This phase was important for 
familiarising with the researched case, observing the working 
environment and building relationship with the project 
personnel. The main objectives were to explore the possibilities 
of doing research on the subject and to refine the area of 
concerns. This had enabled the researcher to decide on the 
specific area to be studied in tandem with the accessibility and 
availability of the required information, taking into account 
with the limitation of the existed information. For instance, the 
sources of data collection were limited to interview and 
archival technique i.e. content analysis of the quality records as 
the case project was physically completed and at the final stage 
of handing over. The first component of case study design i.e. 
research question was also first developed during this phase.   
 
 
THEORY DEVELOPMENT 
 
The objectives here were to confirm the research question develop 
during the first phase, to state the purpose of this research and to 
develop the units of analysis relating to the research question. The 
vast amount of literature in QMS implementation in the 
construction industry had enabled the researcher in developing this 
third component of the case study design. This phase started with 
the review of the processes and procedures involved in the 
management of the construction projects that led to the 
understanding of its uniqueness and the various parties with 
different entities working together under difference forms of 
contracts. Such a temporary team was created and dissolved in a 
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temporary project-based environment led to the conclusion of the 
needs to develop a model of quality system that can deal with the 
dynamic situation and irregular organisation form of construction 
project management [4,5,6,7,8,9] 
    The research then identified ten ISO 9000 critical elements 
being part of Project Quality Plan (PQP) in implementing QMS in 
construction phase [10,11,12,13,14]. The ten elements were 
management responsibility, quality system, contract review, 
document and data control, process control, inspection and testing, 
control of quality records, internal quality audits, training and 
statistical techniques. Almost all the elements were interrelated and 
therefore some of them can be categorised under one activity. 
From these elements eight main activities in implementing QMS in 
construction phase had been developed. They were management 
responsibility, quality planning, resources management, process 
control, inspection and testing, quality recording, auditing and data 
analysis and report. These main activities of QMS implementation 
at construction phase were also the units of analysis of the case 
subject where they became the guideline for the researcher to 
explore the detail activities when conducting the case study. This 
phase also enabled the researcher to design appropriate 
questionnaire for the interviewing session.  
 
 
CASE STUDY 
 
This phase was the main activity of the research. Due to the 
corroboration with KLIAB the case subject was predetermined and 
it was the implementation of QMS at construction phase of the 
KLIA project. KLIA project involved as many as 147 contracts 
that amounts between RM 1million to RM 162million. More than 
110 parties were involved and 1600 interfaces between 
subcontractors were identified. A slight conflict or delay due to 
one party may result in tremendous negative effect to the whole 
project schedule and this makes project coordination and 
management harder than ever. More critically, KLIAB had only 36 
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months to complete this construction project. Another factor to 
constantly bear in mind is the fact that this construction project 
involves more than 25 thousands employees from over 51 
nationalities. Cross-culture interactions such as contradicting work 
culture and barrier in language used posed many unavoidable 
problems at the same time. The above conditions supported the 
reason for selecting this project as a case subject. 
    The main sources of data collection were from content analysis 
of quality records and interviewing the key personnel of the 
project. A series of interview was the primary source of data where 
the process of implementing the QMS was discovered. As a 
secondary source, companies document such as PQP and quality 
records were used to supplement and verification the data obtained 
from the interviews. The result was a demonstrable coincidence 
between the findings of the literature review and their occurrence 
in construction works. Qualitative data obtained from the case 
study was analysed using systems analysis of IDEF techniques, 
which resulted in an application model for effectively 
implementing QMS at the construction phase. 
 
 
IDEF is an abbreviation of ICAM DEFinition. It was originally 
developed by U.S. Air Force Program for Integrated Computer-
Aided Manufacturing (ICAM) for its factory modernisation 
projects in the late 1970’s and early 1980’s. IDEF is a refined 
version of the more well known Structured Analysis and Design 
Technique (SADT) [15]. All IDEF modelling tools, besides 
showing the relationship between entities, show the inputs, 
controls or constraints, outputs and mechanisms (ICOMs) for 
respective processes (See Figure 5.1) [16].  The input is the data 
needed to perform the process and the output is the data produced 
when the process is been performed. A control will describe the 
conditions or circumstances that govern a concrete process. It acts 
as a guide for the transformation which occurs within a process. 
Mechanism is a mean by which the process is performed i.e. 
people and tools. The IDEF has been perceived as an excellent tool 
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to depict a system, which is so complex to present, 
multidimensional, and involves a number of processes intertwined 
with each other. There are16 IDEF methods i.e. IDEF0, 1, 1X, 2, 3, 
4, 5, 6, 7, 8, 9, 10,11,12,13 and 14. In practice three IDEF methods 
form core of IDEF use in the field. They are IDEF0, IDEF3 and 
IDEF1X. IDEF0 is for functional modelling, IDEF3 is for process 
modelling and IDEF1X is for data modelling [17]. These three 
IDEF members will be explained below.  
Figure 5.1: The general graphic presentation of IDEF modelling tools 
IDEF1X is a method for designing relational databases with a 
syntax designed to support the semantic constructs necessary in 
developing a conceptual schema [18]. It is an extension of IDEF1 
that deals with the information modelling. This kind of tool is 
suitable to depict a structure of relational system i.e. in modelling 
the estimating process where data is inter-related between one 
activity to another activity and is not the best method to be used if 
the target system is not a relational system such as an object-
oriented system.    
    IDEF0 on the other hand is used to model the function of the 
business or its systems. The original structured analysis 
communication goal for IDEF0 is to be an effective tool in 
detailing the system activities for function modelling [19]. This has 
been proven and is also the primary strength of IDEF0. In IDEF0, 
the user will model what controls, who performs and what objects 
PROCESS 
Mechanism 
Output Input 
Control 
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or data is consumed and produced by the activities of a function. 
The relationships between the business functions are then depicted. 
The description of the activities of the function can be easily 
refined into greater detail until the model is as descriptive as 
necessary for the decision-making task at hand. However, the 
description of the final model will be so concise that it will usually 
understandable by the domain experts or the people that involved 
the modelling works from the beginning. In addition, due to its 
main goal that is to depict the function of a system into greater 
detail causing the description to be as concise as it can, abstraction 
away from timing, sequencing and decision logic is inevitable. 
Such abstraction contributes to comprehension difficulties among 
readers outside the domain. This particular problem has been 
addressed by the IDEF3 method. 
    IDEF3 Process Description Capture Method captures the 
workflow of the business processes by showing the task sequence 
performed by an organization. IDEF3 can decompose the business 
processes into logic detail and describe different scenarios for 
performing the same business functions.  In detail, IDEF3 
descriptions can: 
 
• record the raw data resulting from fact-finding interviews in 
systems analysis activities 
• determine the impact of an organization’s information 
resource on the major operation scenarios of an enterprise 
• document the decision procedures affecting the states and 
life cycle of critical shared data, particularly manufacturing, 
engineering and maintenance product definition data 
• manage data configuration and change control policy 
definition 
• make system design and design trade-off analysis 
• provide simulation model generation [20] 
 
 
From the above comparison of three core IDEF methods, the 
IDEF3 process modelling tool had been selected to be used for this 
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research as it is the most appropriate tool to describe the process of 
implementing the QMS in a construction project. 
 
 
THE APPLICATION MODEL 
 
The application model as shown in Figure 5.2 shows all the 
elements of IDEF3; where, the process is represented by the box, 
the factors that are listed at the top of the box are constraints and 
those at the bottom are mechanisms, those at the left hand side of 
the box are the input and those emerge out of the box are the 
outputs.  Having this model one can easily understand the 
complete system and the environment in which it works, respective 
procedures and respective involvement of the parties.  The model 
is described in terms of its major constituent processes as follows; 
respective input, controls, mechanism and the output are also 
listed.  The model together with a set of guidelines forms a 
framework for the Malaysian construction industry to implement 
QMS in construction project specifically at the construction phase. 
 
 
MANAGEMENT RESPONSIBILITY (ENTITY TYPE: 
PROCESS) 
 
Input: customer requirement capture, contractual requirement, 
company capability information. 
 
 
Mechanism: Company management, company QMS, project 
coordination meeting. 
Constraints: statutory requirement, contractual specification and 
standards, company quality manual. 
 
Process Description: Senior management role is key to the success 
of the QMS implementation.  Starting from the establishment of 
the quality policy and project specific quality plan, right through 
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the implementation including employee training, monitoring and 
until the final auditing, the management has a greater responsibility 
without which the success of the programme is quixotic.  The key 
input for this process as stated above shows that at the earlier stage 
of the project the management focuses all its efforts in 
incorporating the customer’s requirements, which is available in 
many forms including briefing and contractual requirements.  This 
in turn is compared with the capability of the organization as to 
whether the organizational resources are capable to undertake the 
activities to achieve the client’s requirements.  The company QMS 
becomes the key path to achieve the end goal and that throughout 
the project several coordination meetings are organized by the 
management to develop plans and solutions, review progress and 
facilitate the functioning of the whole QMS programme.  The key 
output of this process is project programme and cost programme 
established in tune with the project quality plan.  This together 
with the other outputs including the service of the management, 
suggestions and other tangible contributions become input to both 
the processes quality planning and resources management.   
 
 
GUIDELINES – MANAGEMENT RESPONSIBILITY 
 
• Capture and define the client’s requirements in order to 
establish quality policy 
• Ensure that all levels of management and staff understand the 
quality policy 
• Cross-refer the procedures within the text of the quality 
manual 
• Define the responsibilities and authority using suitable 
methods 
• Periodically review the quality system and policy whether it 
fulfils the intended objective 
• Management reviews should be documented and the action 
list formulated must be implemented 
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      •     Arrange  for  and  implement  training  for  those who are lack 
       proper understanding and skills 
 
 
QUALITY PLANNING (ENTITY TYPE: PROCESS) 
 
Input: experience from past projects, project scope, consultant 
service scope, contractual requirements, quality requirement, and 
resource availability. 
 
 
Mechanism: project team management, quality meeting, other 
relevant parties (e.g. consultants). 
 
Constraints: quality standards, company quality manual, 
contractual specifications, project programme, cost programme. 
 
 
Process Description: The senior management in conjunction with 
other parties such as quality consultants hold series of quality 
meetings to produce suitable quality plan specific to the project.  
Since it is a project specific plan, the plan should reflect the 
objective and expectations of that particular project.  Therefore, 
project specific information including project scope, contractual 
requirement and resources availability are considered to develop 
the plan.  Experience from the past projects becomes a valuable 
input to this plan development process.  Customer requirement 
captured at the early phase is translated into quality requirements 
of that project and it forms key to define quality of the particular 
project.  The development of the plan should simultaneously 
consider the existing quality standards (e.g. ISO 9000) available in 
the market.  Company quality manuals, contractual specifications, 
project programme and cost programme all become directives, 
within their context, the plan need to be developed.  Otherwise, the 
Project Quality Plan (PQP) may not reflect and be suitable to the 
project requirements.  The keys outputs of this process are quality 
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plan, inspection and test plan and audit plan.  The content of the 
PQP not only dictates the quality system required of the project 
concerned but also it incorporates the scope and expectations of the 
project and the project control mechanism.  The out of this process 
becomes input for most of the other processes including process 
control, inspection and testing and auditing.   
 
 
GUIDELINES – QUALITY PLANNING 
 
• Ensure that all relevant parties including consultants if any 
required are included in the task of planning quality for the 
project 
• Establish and define the purpose of the quality system 
• In the plan, minimize the effort required to amend copies of 
documents 
• If required, set up a quality system development team, as it 
will give a sense of ownership to the team so that the team 
can produce an effective plan 
• Ensure that the customer requirements are always focused 
throughout the quality planning task 
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RESOURCES MANAGEMENT (ENTITY TYPE: PROCESS) 
Input: company capability information, resources requirement and 
availability, project programme, cost programme. 
Mechanism: skill development, recruitment and availability, multi-
tasking, project manager. 
Constraints: quality plan, contractual specification, statutory requirement. 
Process Description: Resources management includes identifying, 
analysing, deploying and monitoring the resources required to undertake 
the project activities.  Right from the early stage of the project, resources 
are analysed taking into account the project and cost programme.  The 
company capability becomes a key information that answers many 
questions like resources availability within the organization, if not hiring 
from external source, checking the available resources for the necessary 
skills required to undertake the work task, if not adopting skill 
development programme and so on.  It is commonly understood that 
inefficient resources analysis leads to poor productivity and quality in the 
later stages of the project.  Project management team or the project 
manager is the key person responsible for this task.  Proper recruitment 
procedures must be adopted to recruit the right personnel and or hire right 
equipment and other infrastructure.  Resources being capable of 
undertaking multiple tasks are key to the successful completion of the 
project, therefore, all necessary measures must be undertaken to develop 
the resources capable of handling different trades.  Quality plan, 
contractual specifications and other statutory requirements must be 
always referred in the resource management process so that the result of 
that management will comply with the project requirements.   
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GUIDELINES – RESOURCES MANAGEMENT 
? Ensure that resources are analysed in advance onto its availability, 
skills and capability 
? Establish programmes to develop the multi-skill of the labour 
resource
? Ensure that resources are properly trained to undertake the 
respective tasks in the project 
PROCESS CONTROL (ENTITY TYPE: PROCESS) 
Input: construction process, project programme, cost programme, cost 
programme. 
Mechanism: corrective and preventive system, value analysis and value 
engineering, Statistical Process Control (SPC), process improvement 
tools, process owners. 
Constraints: PQP, contractual specification. 
Process Description: This process involves the detailed analysis of the 
construction business process as to its delivery, resources requirement, 
the value it offers to its customer and the achievement of other objectives 
of the project.  First each process must be identified for its owner so that 
it will have a definite person to control it.  Customers’ requirement can be 
achieved only when the process related to the business is constantly 
improved.  Such process improvement can be effectively undertaken by 
adopting some established proven techniques such as SPC, business 
process reengineering, value engineering, and corrective and preventive 
actions.  All the process improvement and controlling efforts must be 
directed towards the overall achievement of the project objectives which 
can be effectively achieved only when such controlling activities are done 
within the constraints of the PQP and the contractual specifications.  The 
techniques as mentioned above are for the improvement of the ongoing 
processes, but in the long run, processes can be improved and effectively 
controlled by gathering data from the auditing process and analyse them 
for the future use.  Resources management initiatives as explained above 
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become one of the major inputs for effectively controlling the process.  
The data or the information obtained from both the on-going processes 
and the analysis of the past data should be recorded for future use.   
GUIDELINES – PROCESS CONTROL 
? Ensure that the work is carried out at controlled conditions 
? Define the process specification and workmanship standards to be 
achieved
? In-process monitoring and in-process inspection and test are key 
to control the process 
? All processes should be capable of performing the task for which 
they are designed. 
? Train and qualify site/construction workers with special and 
specific skills 
AUDITING (ENTITY TYPE: PROCESS) 
Input: Construction process, process owner. 
Mechanism: auditing technique, NCR (Non-Conformance Report) 
system, quality auditor.   
Constraints: audit plan and PQP 
Process Description: The auditing process is comprised of a series of 
tasks that have to be performed periodically throughout the project.  It 
includes planning and preparing for the audit, doing the audit, reporting 
the result and take a follow-up on them.  PQP will set a guideline on how 
to perform audit.  Resources required for the audit have to be provided by 
the process of resources management.  Apart from the auditing of the 
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other elements, the construction process itself has to be audited for its 
performance output and non-conformance.  This requires the process 
owner to be involved in the auditing process.  Audit plan and PQP will 
form the norms for systematically undertaking auditing.  The data 
collected from the audit and the results obtained from the analysis will be 
used by several other processes for improvement including the process 
controlling, inspection and testing.  Finally, all the information including 
the report is recorded for future use.   
GUIDELINES – AUDITING 
? Ensure that the auditing process is directed towards the process 
and performance improvement 
? Ensure that the auditing process does not intend to punish the 
parties for failure 
? Publicise the audit results so that everyone is aware of the overall 
outcome of the project 
? Do not rely much on external consultants for quality audit and 
ensure that audit is performed internally for process improvement 
INSPECTION AND TESTING (ENTITY TYPE: PROCESS) 
Input: in-process, output/final products, input/raw materials. 
Mechanism:  check list, receiving test, in-process test, finished product 
test, SPC. 
Constraints: inspection and test plan, manufacturer equipment manual, 
contractual specifications and standards. 
Process Description: The process of monitoring, verifying and evaluating 
the work done is called inspection and testing.  The input to this process 
is varied and from different sources including resources management, 
quality planning, and auditing.  The PQP becomes the main source for 
inspection and testing procedure and the resources management being the 
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source for the deployment of the equipment and infrastructure required 
for undertaking testing activity.  Both the input (raw materials) and the 
output including final products and services are tested for conformance 
and requirements.  Apart from this, the on-going process is continuously 
checked for its performance, which is called in-process inspection.  
Audited data on past processes formed the input as a reference for the 
inspection.  Contractual specifications, inspection and test plan control 
the inspection and testing activity to ensure that testing are not 
unnecessarily performed and are done right towards the overall objective 
of the project.  All data and results obtained through this process are 
recorded for future use.     
GUIDELINES – INSPECTION AND TESTING 
? Define the criteria for acceptance of goods 
? Prepare procedures for inspecting and testing incoming goods 
? Document inspections and tests 
? Provide a means for improving the inspections and tests and for 
identifying those responsible for carrying them out 
? Define what is to be inspected at each stage and the inspection 
and test equipments to be used 
QUALITY RECORDING (ENTITY TYPE: PROCESS) 
Input: contractual requirement 
Mechanism: filing system and documentation system 
Constraints: PQP, statutory requirement 
Process Description: Quality records describe the results of quality-
related activities, which need to be maintained to demonstrate the 
effectiveness of the system and for developing strategies for performance 
improvement.  All results and reports produced from process control, 
auditing and inspection and testing activities must be recorded and 
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maintained for future retrieval.  The filing system and documentation 
system forms the main base for recording the data.  However, while 
recording the data, the appropriate protocol as stated in the PQP and other 
statutory requirements must be adopted.   
GUIDELINES – QUALITY RECORDING 
? Identify and decide on all quality records that are required to be 
documented 
? Provide submission and collection instructions in relevant 
procedures
? Records should be filed in sequence 
? Maintain the registers listing the records in numerical order 
? Proper conditions of storage should be ensured to prevent loss 
? Proper records disposal system should be maintained 
? Security of quality records should be ensured 
? Establish numbering, dating and revision status conventions 
? Users should participate in the documentation planning process 
? Provide labelled binders for range of documents 
? Invalid and obsolete documents should be promptly removed 
? Establish standard ways for identifying obsolete documents 
? Document custodians should be provided with stamps for the 
receipt of records and issuance of the same 
? Create a formal change request mechanism for initiating changes 
to controlled documents 
DATA ANALYSIS AND REPORTING (ENTITY TYPE: 
PROCESS) 
Input: customer survey, customer compliant. 
Mechanism: Reporting system, SPC technique, QMS review, 
benchmarks. 
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Constraints: PQP. 
Process Description: Through the PQP implementation, there are a 
number of stages where respective data need to be collected and 
analysed; for instance, resources analysis, process control, inspection and 
testing and so on.  All data need to be analysed appropriately using the 
right approach and techniques.  Finally, the results of the analysis should 
be reported to the right department or the authority.  Several techniques 
including SPC and benchmarking can be used.  One of the major 
objectives of this analysis is to assess the overall performance of the PQP 
implementation system, which can be effectively performed by reviewing 
the QMS collectively by having all relevant data from respective sources.  
PQP should have set the norms to undertake this process.  Properly 
established reporting system should be able to channelise the documents 
to respective people and authority.  The results of the analysis will form 
the basis for the overall improvement of the programme.   
GUIDELINES – DATA ANALYSIS AND REPORTING 
? Periodically conduct survey amongst customers to assess their 
expectations and complaints and use the data in the overall 
assessment of the performance 
? Establish clearly the source and sink of the results and reports that 
emerge out of the analysis 
? Publicise the overall performance result 
? Take corrective actions formulate future improvement strategy 
immediately once discrepancies are identified from the analysis 
CONCLUSION 
This paper describes an application model of QMS in a construction 
project. It is a generic model that can be used by anyone of the project 
team members. The application model presents eight major processes that 
are essential in implementing QMS effectively in a construction project. 
By adopting IDEF3 as the modelling tool, the relationship between the 
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processes, the inputs, mechanisms, constraints and outputs of each 
individual process are clearly illustrated. 
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